A runoff diversion-collection system was evaluated as a benefi cial management practice (BMP) for minimizing the impact of wintering site runoff on the water quality of an adjacent reach in the headwaters sub-basin of the Haynes Creek Watershed in central Alberta. Signifi cant (α = 0.05) post-BMP mean annual load reductions of 13, 47, and 17% for dissolved, particulate, and total phosphorus, respectively, were realized. Mean annual loads of nitrate nitrogen and total Kjeldahl nitrogen were also reduced by 83 and 22%, respectively. The sum of total loads of Kjeldahl nitrogen and nitrate-plus-nitrite nitrogen, a surrogate measure of total nitrogen, also showed a reduction of 29%. However, mean annual load of total residue increased by 15%. Despite signifi cance at the wintering site, these water quality changes were not statistically detected at the outlet of the subbasin. In spite of the measureable improvement in downstream water quality, adoption of the studied BMP represented a net economic cost to the producer under the current management conditions at the site. Furthermore, there appeared a need for concurrent implementation of BMPs in the headwaters sub-basin to be able to register any detectable changes in water quality at its outlet.
Introduction
Environmental concerns exist over the quality of runoff water from cattle wintering sites and its potential detrimental impact on downstream water bodies in Alberta (Anderson et al. 1998) . Wintering sites are designated areas for holding cattle and providing shelter, water, and feed during winter months when forage is unavailable (Alberta Agriculture, Food, and Rural Development 2001; Saskatchewan Watershed Authority 2003) . These sites also allow the operator easy access to the stock during calving. Over winter, however, cattle manure is concentrated in the feeding area, resting area, and around the water source. In turn, concentrations of sediment, particulate matter, phosphorus (P), nitrogen (N), and pathogens (Novotny and Olem 1994) can increase in overland fl ow from these areas and compromise the quality of runoff water and of receiving water bodies (Chichester et al. 1979; Jawson et al. 1982) .
Alberta has a short grazing season, and thus, wintering sites are an integral part of cow-calf and backgrounding operations. Since Alberta has the highest percentage of cattle and calves in the country (Statistics Canada 2006) , it is also expected that it would have the greatest number of wintering sites among the provinces. Saskatchewan had an estimated 10,000 wintering sites in 2001 (Saskatchewan Watershed Authority 2003) with a cow-calf population of less than 50% of that in Alberta. It follows that such a large number of wintering sites spread across the province can become a signifi cant diffuse source of downstream water pollution in agricultural watersheds (Sosiak and Trew 1996; Anderson et al. 1998; Canada-Alberta Environmentally Sustainable Agriculture 1998) .
Another factor that has contributed to the heightened water quality (WQ) concerns in Alberta is the atypical background chemistry of its surface waters. Many lakes and ponds in a number of watersheds are naturally eutrophic (Allan and Williams 1978; Alberta Environmental Protection 1996) and therefore remain very sensitive to further addition of nutrients, particularly of P (Agriculture and Agri-Food Canada 2000) . As good quality water is also a prerequisite for sustaining good quality and healthy cattle production, there is increasing interest among producers to take measures and adopt practices conducive towards preserving and improving water quality of surface waters.
A wide range of benefi cial management practices (BMPs) is available for the protection of downstream waters, from management practices to structural controls (Alberta Agriculture, Food, and Rural Development 2001) . However, as no two wintering sites are the same, selection of candidate BMPs is dependent on site-specifi c conditions such as pollutant type and the mechanism of transport in runoff water, soils, topography, management practices, climate, hydrology, and economics (Agriculture and Agri-Food Canada 2000; Sharpley et al. 2002; Gitau et al. 2004 ).
In Alberta, the selection of BMPs should be greatly infl uenced by spring snowmelt (Hansen et al. 2002) . Spring snowmelt runoff in Alberta, and in areas with similar climate, accounts for the majority of the annual runoff volume (Nicholaichuk and Read 1978) and can move a high percentage of annual pollutant load in a watershed (Timmons and Holt 1977) . In addition, due to minimal erosion from frozen soils, pollutants are generally transported mainly in dissolved forms (Anderson et al. 1998; Canada-Alberta Environmentally Sustainable Agriculture 1998; Cooke and Prepas 1998; Ginting et al. 1998; Hansen et al. 2000; Ontkean et al. 2005) . Furthermore, edge-of-fi eld losses of pollutants from wintering sites can be greater than that from the rest of the pasture because of the abundance of concentrated cattle waste and relative abundance of snowmelt runoff volume due to reduced infi ltration and increased compaction caused by hoof trampling of the surface soil over the winter season. It follows that Alberta conditions and the potential of high edge-of-fi eld losses of runoff water and pollutants from wintering sites may require BMPs that can mitigate fi eld-to-stream delivery of contaminants, particularly in dissolved forms and during spring snowmelt, to surface waters. However, reducing loss/movement of contaminants in the soluble phase in runoff water remains diffi cult, and options for selecting effective, economical BMPs seem limited (Daniel et al. 1993) .
Field-to-stream delivery of a pollutant can be limited by reducing the volume of its carrier, e.g., snowmelt runoff (Baker and Johnson 1983) . Field studies have indicated the use of vegetative fi eld strips, riparian zones, and grassed waterways to increase infi ltration and thereby reduce the volume of overland fl ow en route to surface water bodies (Overcash et al. 1981; Chaubey et al. 1994; Srivastava et al. 1996) . However, performance of these BMPs may be severely constrained by a number of factors, such as abundant release of snowmelt runoff in a relatively short period of time on land with limited infi ltration capacity due to frozen soils, and the absence of active vegetation and vegetative uptake of nutrients at the time of runoff (Woo and Steer 1982) . Although economical and effective in mitigating delivery of particulate forms of pollutants, performance of these BMPs in reducing losses of dissolved pollutants from agricultural lands has been variable (Novotny and Olem 1994) . Therefore, it appears that under Alberta conditions, BMPs suitable to reduce fi eld-to-stream losses of agricultural contaminants and to minimize the impact of wintering sites may be the ones that would prevent runoff water from reaching downstream surface waters directly.
The primary objective of this study was to examine the effect of a runoff diversion and collection system at a cow/calf wintering site on in-stream water quality of an adjacent reach of stream. The secondary objective of this study was to determine the net economic cost/benefi t to the producer for BMP implementation.
Materials and Methods

Site Characterization
The wintering site (site C1) selected for this study is located in the headwater sub-basin (M1) of the Haynes Creek Watershed (HCW), located within the Aspen Parkland ecoregion in central Alberta (Fig. 1) . The HCW is one of the most intensively farmed watersheds in the province (Anderson et al. 1999) , with approximately 57 and 19% of the land area in crop and pasture, respectively (Anderson et al. 1998 ). The predominant soil in this area is a Black Chernozem developed on medium textured till (Alberta Soil Information Centre 2001) . This area typically receives 450 mm of precipitation annually, with an average of 24% received as snow (Alberta Environmental Protection 1999) . The HCW drains approximately 167 km 2 at its outlet (outlet M6) and displays distinctive springmelt, recession, and summerstorm events, the annual runoff pattern typical of this latitude in Alberta. Accounting for over 80% of the annual discharge volume, spring snowmelt (March through May) is the predominant runoff event in Alberta (Anderson et al. 1998; Chanasyk 1998; Gill et al. 1998) . At some locations within the HCW, spring snowmelt is the only runoff event of the year. The headwaters sub-basin of the system, defi ned at outlet M1, is located approximately 10 km east of the town of Lacombe from which the creek runs approximately 20 km southeast to outlet M6 at the community of Haynes ( mid March, and continues until May or June when fl ows diminish in the lower reaches and cease altogether in the upper reaches. Over the course of this study, the M1 subbasin generally discharged between 64 and 99% of its annual volume by the end of June. Between 76 and 99% of the annual discharge volume at the M6 outlet occurred prior to the end of June (Environment Canada 2001). After springmelt, some minimal basefl ow occurs in the lower reaches of the basin. Summer and autumn storm events are only occasionally of suffi cient magnitude to produce surface runoff.
A detailed close-up of site C1 in the headwaters sub-basin is shown in Fig. 2 . The reach of Haynes Creek under study at site C1 is approximately 300 m in length between the upstream and downstream sampling locations, and has an average slope of 7%. Landcover upstream of site C1 is mostly cereal cropland (49%), with pasture and hayland making up the next largest portion (25%). Wetland and treed cover make up approximately 4% each, with the remainder of the 272 ha drainage area in other assorted covers. Soils in the top 90 cm of the profi le fall mostly in the clay loam, loam, and sandy clay loam classes and have about 10% organic matter in the top 15 cm.
During the 1995 to 1999 pre-BMP period, the wintering site had two adjacent pens totalling 3,783 m 2 in area, with vertical planking to provide wind shelter and shade. The slope of the corrals towards the creek ranged from 3.6 to 7.6%. The width of vegetation strip between the downslope edge of the corrals and the creek ranged from approximately 35 to 47 m and from 2.6 to 5.4% in slope. Adjacent to these pens is a 50 by 25 by 2.5 m manure storage lagoon from a previous hog operation. Traditionally, 160 to 200 bred cows are placed in the pens in early winter, and are removed as they calve, generally in late February to early March. In spring, the manure pack is piled in the centre of each corral to dry over the summer, and is spread on adjacent fi elds in the fall.
Installation of benefi cial management practices. The BMP, implemented at site C1 in the winter of 1999/2000, consisted of a bermed ditch on the downslope edge of the corrals to divert manured runoff from the corrals toward the lagoon (Fig. 2) . The eastern-most (upslope) edge of the pens lies on a natural topographic break, precluding the need to divert clean run-on around the pens. In order for the ditch to maintain a drainable slope, the downslope edge of the northwest pen had to be realigned, resulting in the loss of approximately 794 m2 of usable pen area.
Data Collection
This study adapted an "upstream/downstream-before/ after" monitoring design (Spooner et al. 1985; Grabow et al. 1998a ) and the data were collected and analysed accordingly. Baseline data. Baseline (pre-BMP) ambient surface water quality data were collected at site C1 from 1995 through 1999, inclusive, under the Canada-Alberta Environmentally Sustainable Agriculture (CAESA) Program (Anderson et al. 1998) . The water quality parameters measured, and the methods and materials used in the pre-BMP study, were replicated in this study following the implementation of the BMP and will be described in the following sections.
Flow monitoring. Site C1 was equipped with a fl oatactivated Stevens chart recorder at the upstream sampling location throughout the pre-and post-BMP monitoring periods. Flow was manually measured throughout the monitoring period to establish a stage-discharge rating curve that was used to translate the chart-recorded stage measurements to continuous stream discharges over the entire range of observed fl ow. Manual measurements were taken with a Price AA fl ow velocity meter using the Environment Canada method (Terzl 1981) . During the course of the study, fl ows at the downstream sampling location were found to be within measurement error of those at the upstream location. Strip-chart stage records were digitized and converted to average daily fl ows using PC-Stream v.4 (Western Hydrologic Systems).
Surface water sampling. Water samples for inorganic chemical analysis were collected using automated ISCO samplers. Pre-BMP sampling was previously conducted for 1995, 1996, and 1997 . No samples were collected during 1998. Sampling was re-established for this study in 1999 and continued through 2001. One ISCO sampler was located at both the upstream and downstream locations to collect samples for inorganic chemistry analysis. Bacterial samples were collected as grab samples when water samples were retrieved from the ISCO samplers. Sample collection frequency was fl ow-biased, achieving frequencies as high as four per day during peak melt periods. Daily composites were created by combining individual samples in an acid-cleaned vessel. After the peak-melt period, sampling frequency was gradually reduced from daily to weekly as fl ows subsided. At this site, Haynes Creek is ephemeral and tends to cease fl owing during May. Once fl ow ceased, the ISCO samplers were equipped with a fl oat-switch on the intake tube to collect summer storm-event runoff. Samples were collected from the ISCO samplers within 24 h of extraction from the stream. Additional data collected at this time included stream water temperature, staff-gauge reading, weather conditions, and agricultural activities at the site. Upon collection, samples were put in ice-packed coolers and transported to a nearby facility for compositing and fi ltering. These preprocessed samples were then transported on ice to an appropriate laboratory and stored at 4 ºC prior to analysis.
Laboratory Analysis
Samples were analyzed for inorganic chemistry and bacteria. Table 1 gives the standard analytical procedures used in water quality analysis, and lists the acronyms used throughout this paper for the water quality test variables. Particulate phosphorus (PP) was calculated as the difference between total phosphorus (TP) and dissolved phosphorus (DP). Total dissolved solids (TDS) were calculated as the difference between total residue (TRES) and nonfi lterable residue (NFR), and nitrate-N (NO3) was calculated as the difference between nitrateplus-nitrite-N (NO23) and nitrite-N (NO2). A surrogate measure for total nitrogen (NTOT) was calculated as the sum of total Kjeldahl nitrogen (TKN) and NO23. Splits and spikes of inorganic and bacterial samples were made periodically throughout the study.
Data Analysis
Given the layout of site C1, an upstream/downstreambefore/after monitoring design was adapted (Grabow et al. 1998a) . A value of one half of the detection limit was used for the calculation of daily load where laboratory analysis did not detect any analyte (Ward et al. 1988) .
Since the objective of this study was to evaluate the effect of management change on a source of contamination regardless of the effects of dilution, the appropriate unit of measure is load rather than measures of in-stream water quality such as instantaneous concentrations (Baker and Johnson 1983) . The continuous fl ow records and periodic sample data were combined to create daily loads using FLUX software (U.S. Army Corps of Engineers 1999). Within FLUX, six methods are available for this calculation. For this study, a modifi ed estimator ratio method, known as the International Joint Commission method, was selected for its accuracy and lack of bias (Dolan et al. 1981; Yaksich et al. 1983; Richards and Holloway 1987) . Walker (1996) also recommended this method for its robustness in dealing with limited datasets. The load datasets were partitioned into spring and summer based strictly on date. The spring season was defi ned as March 1 through May 31, with the summer season defi ned as April 1 through October 31. The spring season incorporated both active melt and any brief recession that was observed, and is driven by snowmelt on frozen soils. As is typical of streams of this scale in this geographic area, summer (post-snowmelt) runoff events are rare, and are driven by precipitation events on thawed soil.
Detection of BMP effect using ANCOVA. The upstream/ downstream-before/after monitoring design allowed for the use of the upstream location as a covariate in order to account for some of the natural variation observed in both fl ow and water quality variable concentrations. An ANCOVA model for the upstream/downstream-before/ after monitoring design (Grabow et al. 1998b ) is outlined in equation 1:
Or, rearranged for ease of interpretation: Y t = (β 0 + β 2j ) + (β 1 +β 3j )X t + Z t where:
Y t = downstream daily load at time t; X t = upstream daily load at time t; β 0 = the y-intercept of the calibration regression line; β 1 = the slope of the calibration regression line; β 2 = the difference in y-intercept between the calibration and treatment lines; β 3 = the difference in slope between the calibration and treatment lines; Z t = modeled residual at time t.
For water quality parameters for which the β 3 (interaction) term was not statistically signifi cant (α =0.05), the term was removed from the model (reduced model).
Economic Analysis
The cost of installing and maintaining the BMP, a runoff diversion-collection system, at site C1 was calculated and the net cost/benefi t to the producer was estimated. In addition, the cost of the installed BMP was also compared to the cost of relocating the corrals away from the stream reach (i.e., an alternative method of hydrological separation between corrals and the reach). Although initial costs were higher than that of the installed BMP, relocating corrals away from the reach did not have any additional annual maintenance costs. In this study, the producer was able to make use of a (1) (1a) pre-existing, unused manure lagoon for collection of the corral runoff. However, for most cow/calf producers in Alberta this would not be the case. Therefore, in addition to the fi xed costs incurred for installation of a bermed ditch and realignment of the downslope corral fence, the cost of lagoon construction was also included in the total cost of the BMP implementation. Cost/benefi t was calculated using the Net Present Value method. This method incorporates the initial installation costs as well as the annual costs associated with system maintenance. Also included in this calculation is an estimation of the annual benefi t the producer might realize through increased yields from spreading collected effl uent on the forage crop ( Table 7) . The costs and benefi ts are discounted at 9% over the expected 20-year lifespan (U.S. Environmental Protection Agency 1992) of the lagoon.
Results and Discussion
Hydrology
Precipitation. A comparison of the annual precipitation received at the study site during the study period to 30-year normals at a weather station approximately 18 km west of site C1 is shown in Fig. 3 (Alberta Environmental Protection 1999). Departures from the 30-year normal in annual precipitation were observed in 1996 (+187 mm) and 2001 (-152 mm) (Fig. 3) . Although a single factor ANOVA indicated that there was no signifi cant difference in annual precipitation between the preand post-BMP periods (p = 0.34), the low number of observations might have biased this analysis. Figure  4 shows how precipitation is typically distributed throughout the year. On a 30-year average, the summer months of June, July, and August account for over 52% of annual precipitation, while accounting for only 13% of annual stream volume (24-year normal [Environment Canada 2001] ). Conversely, the spring months of March, April, and May account for only 20% of mean annual precipitation, but yield an average of 86% of the annual surface discharge volume. Both the pre-and post-BMP periods generally experienced monthly precipitation distributions similar to that of the 30-year normal. The 30-year normal and the pre-and post-BMP periods all experienced their greatest monthly precipitation in July, with precipitation in both periods exceeding that of the 30-year normal during this month.
Stream Flow. Annual stream discharge volumes during the study period ranged from 3.46 x 10 3 m 3 in 1995 to 72.1 x 10 3 m 3 in 1996, with 82 to 100% of the total annual fl ow occurring before the end of May. The mean annual spring hydrograph at the study location (C1) for the pre-BMP period showed a greater peak in fl ow during springmelt in April than did the post-BMP period (Fig. 5) . The AUTOREG procedure (SAS Institute Inc. 2000) was used to perform an ANOVA that was able to correct the second-order autocorrelation (critical Durbin-Watson statistic, p = 0.27) and showed no signifi cant difference in spring (March, April, and May), log-transformed daily mean fl ow between the pre-and post-BMP periods (p > |t| = 0.64). In the pre-BMP period, the downstream site generally showed fl ow 1 to 2 days before melt occurred at the upstream location. This phenomenon ceased with the implementation of the BMP, after which fl ows began at both locations on the same day. The statistical comparison of pre-and post-BMP periods contradicts visual examination of the hydrographs (Fig. 5) and is likely biased by the brevity of the annual open-fl ow season and the relative shortness of the study period. The post-BMP period, especially 2001, corresponded with dry conditions across the province, during which the existing snowpack at the onset of springmelt was noticeably less than during the pre-BMP period. Fig. 3 . Annual precipitation at a weather station about 18 km west of the study site C1. Fig. 4 . Mean monthly precipitation for the pre- (1995 ( , 1996 ( , 1997 ( ) and post-BMP (2000 ( , 2001 ) periods received at the study site C1, and 30-year normals at a weather station 18 km west of the site. Striped bars, pretreatment; solid bars, posttreatment; short horizontal lines, 30-year normal. -(1995 -( , 1996 -( , 1997 -( ) and post-BMP (2000 -( , 2001 periods at site C1.
Water Quality
Change in daily mass loads with BMP implementation. The distributions of daily loads at site C1 were highly skewed and therefore the daily load data were logtransformed.
Log-transformation improved the distributions greatly, but it was not perfect for all WQ variables tested. Log-transformation corrected skewness for all WQ variables except TKN at the downstream site. However, Shapiro-Wilks statistics for all of the variables were signifi cant (α = 0.05) ( Table 2 ). This imperfect correction was considered an acceptable compromise when countered by the advantage that available parametric tests have over nonparametric tests in their ability to account for autocorrelation. Table 3 shows the summary statistics for the daily loads of the test variables, by treatment period, for the upstream and downstream locations of the study reach at site C1. At this site, TP is dominated by DP, NO23 by NO3, and TRES by TDS.
The mean contributions of the wintering operation (the difference between upstream and downstream load expressed as a percentage of the upstream load) between treatment periods showed reductions for most variables after BMP implementation (Table 4) . Contributions of all three species of phosphorus (PP, DP, and TP) by the wintering operation were reduced in mean daily load after BMP implementation. With the implementation of the BMP, mean daily load contributions went from positive (source) to negative (sink) for DP and TP, with contributions going from 7 and 19% of upstream loads to -18 and -17%, respectively (Table 4) .
NO23 (made up mostly of NO3) decreased in mean daily load between the upstream and downstream locations, both before and after BMP implementation (Table 4 ). This would suggest that the study reach is acting as a net sink of NO3, possibly due to biological uptake. The observed reduction in NO23 increased from 45 to 81% of the mean upstream load after BMP implementation. The contribution of the wintering operation towards mean daily loads of NH3 dropped from 225% of the upstream load prior to BMP implementation, to 0% after implementation. Mean daily TKN contributions from the wintering operation dropped from 56% of upstream loads prior to treatment to 24% after treatment. Overall, mean daily loads of NTOT showed not only a reduction in the contribution of the wintering operation to surface water with BMP implementation, but a shift of the study reach from a net source to a net sink of nitrogen. Mean daily loads at the downstream site went from +25% prior to treatment to -6% of those at the upstream location after treatment (Table 4) .
The contribution of the study reach to mean daily loads of NFR decreased with BMP implementation (Table 4 ). However, given that the total residue loads at the study site contained very little of this solid species, this reduction was dominated by the changes in the loads of TDS. The trend for TDS was not as obvious as for NFR. Mean daily loads showed an increased contribution of the study reach to the downstream sampling location with BMP implementation, perhaps due to soil disturbance during BMP construction.
Contributions of the wintering operation towards mean daily loads of faecal coliform (FCOLI) decreased from 749 to 327% of the upstream loads (Table 4) .
Two methods of correction were considered for the autocorrelation observed in the log-transformed daily loads: weekly aggregation and an autoregressive error model. Aggregation of daily loads into weekly aggregates was suffi cient to overcome autocorrelation for only 4 of the 13 WQ variables (Table 5) . In this case, the YuleWalker autoregressive error model (PROC AUTOREG) (SAS Institute Inc. 2000) was able to account for the serial correlation of the model residuals for 12 of the 13 constituents, and the modeled error is accounted for in the Z t term in equation 1a. Only NH3 did not respond to the autoregressive error model, and because the uncorrected log-transformed daily loads demonstrated signifi cant autocorrelation (critical Durbin-Watson statistic, p < 0.0001) it was subsequently omitted from further analysis.
For some WQ variables, the regression variable β 3 for the interaction term was not statistically signifi cant (α = 0.05) and was removed from the model, yielding a reduced model. Table 5 shows the appropriate WQ variables with statistically signifi cant model variables for the full or reduced model. Of the WQ variables for which the autoregressive error model was able to correct the serial correlation of error terms, all had signifi cant interaction terms except TKN, TDS, TRES, and FCOLI, which were then re-analyzed using the reduced model. Ultimately, of the variables for which the autoregressive error model was successful (all but NH3), only TDS, NFR, and FCOLI did not show a statistically signifi cant BMP effect. Table 6 shows conversion of the model variable β 2 in equation 1a (BMP effect) to a percentage reduction and an annual reduction based on mean pre-BMP annual loads. Signifi cant load reductions of 13, 47, and 17% were observed for DP, PP, and TP, respectively, resulting in mean load reductions of 6.0, 3.5, and 9.0 kg of P per year. Mean annual loads of NO3 were reduced by 98 kg of N per year, or 83%. Total Kjeldahl nitrogen was reduced by 22% over mean pre-BMP annual loads, which translates to approximately 42 kg of N per year. The sum of total Kjeldahl nitrogen and NO23 was used as a surrogate measure of NTOT, and observed a reduction of 29%, or 90 kg of N per year. Total residue increased by over 2,300 kg·yr -1 or 15% of the mean pre-BMP annual load. The treatment effect on TRES was marginal at best (it was only signifi cant when α was raised from 0.05 to 0.10), and its major component (TDS accounted for over 95% of TRES) demonstrated an insignifi cant (p > |t| = 0.35) treatment effect. TRES was also the only variable to increase in mean and median daily load contributed between the upstream and downstream locations ( Table  4) .
Detection of water quality change at the headwaters subbasin outlet M1. Measurements made at the headwater sub-basin outlet M1 could not detect statistically signifi cant changes in constituent loads with the implementation of the BMP, perhaps because the loads of the various WQ variables exhibiting signifi cant reduction at site C1 constituted an extremely low contribution at M1, ranging between only 0.5 and 8.1% of the total annual loads observed at M1. Table 7 compares the total cost incurred on BMP installation at site C1 with the estimated cost of relocating corrals away from the reach. The annual cost of maintenance of the diversion ditch and fi eld application of the lagoon contents for the diversion-collection option was greater than the expected increase in yield expected from applying the collected runoff to a forage crop. When these costs are discounted at 9% over 20 years, the net present value for the BMPs diversion/collection and corral relocation were $8,709 and $19,380, respectively. Regardless of the BMP used, the separation of the cowcalf wintering site from the stream has a net cost to the producer. A review of recent literature suggests that only under conditions of extremely low implementation cost and extremely optimistic estimates of returned benefi t, does this BMP return a net fi nancial benefi t to the producer (Connell et al. 1985; Janzen et al. 1999; O'Grady and Wilson 2002; Knopf et al. 2003) .
Economics of BMP Implementation
Conclusions
Despite high natural variation and limited observations, the snowmelt load contributions of most chemical constituents (DP, PP, TP, NO2, NO3, NO23, and NTOT) by the wintering operation were signifi cantly reduced by the implementation of the selected BMP. However, observations made at the headwaters sub-basin outlet M1 could not detect statistically signifi cant reductions in constituent loads with the implementation of the BMP. Concurrent implementation of site-specifi c BMPs within the entire headwaters sub-basin is likely needed in order to register any measurable changes in water quality at its outlet.
Under current conditions, there was a net cost to the producer to reduce the nutrient loads in the study reach, regardless of which of the two alternatives were employed. A comparative analysis of the two BMP alternatives further showed that the cost of installing a runoff diversion-collection system, even if lagoon construction was required, was less than that of relocating the corral system. However, under a situation where corral replacement was required anyway (due to damage, age, disrepair, etc.), then relocation might be a better investment if a suitable alternate site is available.
